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researchers extended their studies to 
include patients who had other kinds 
of kidney stones, such as brushite and 
cysteine stones. Th ese fi ndings provide 
insight into the diff erent mechanisms of 
kidney stone formation. See page 1313. 
Oxygen sensing and 
kidney disease
One would think that the kidney, 
as one of the most highly perfused 
organs, would have no need to sense 
oxygen tension. In fact, the kidney has 
signifi cant hypoxic regions, including 
the renal medulla and papilla. It is the 
site of synthesis of erythropoietin, 
wherein the signal is likely to be caused 
by changes in oxygen tension. Th ese 
questions came to a head when a 
mutant gene responsible for production 
of a rare kidney tumor (von Hippel-
Lindau tumor) was identifi ed and 
placed squarely in the oxygen-sensing 
pathway. As reviewed by Haase in this 
issue, a transcription factor (called 
hypoxia-inducible factor (HIF)) 
accumulates in response to hypoxia, 
because its degradation is prevented. 
Proteasomal degradation is where 
the von Hippel-Lindau protein gets 
involved in this pathway. In hypoxia, the 
transcription factor enters the nucleus, 
where it induces the transcription 
of many important genes, including 
those involved in the regulation of 
erythropoiesis, angiogenesis, and 
glycolysis. Th is burgeoning fi eld has 
obvious relevance to many kidney 
diseases, especially ischemic renal 
disease and renal cancer. See page 1302.
The role of hypoxia in 
hyponatremic brain 
injury
Hyponatremia results in brain 
edema, and its inappropriately rapid 
correction is associated with even 
Randall’s plaques and 
the pathogenesis of 
oxalate stones
Calcium oxalate kidney stones are very 
common, yet most patients who suff er 
from them do not have an obvious 
cause such as hyperabsorption or 
increased production of the culprit 
molecule. Yet supersaturation of the 
urine occurs, allowing for precipitation 
of the material. It has been known that 
the fi rst pathological fi nding in patients 
with calcium oxalate kidney stones is 
the formation of a plaque. Termed a 
‘Randall’s plaque,’ it is an apatite (the 
mineral composition of bone, that is, 
calcium phosphate with some sodium 
and magnesium in the crystal) formed 
in the interstitium of the kidney. 
Evan and colleagues summarize their 
exciting new results that indicate that 
Randall’s plaques form the surface that 
promotes the growth of calcium oxalate 
crystals. Th e researchers biopsied the 
papillae of patients who ‘spontaneously’ 
formed oxalate stones as well as those 
who formed stones as a consequence 
of intestinal hyperabsorption. Th ey 
found that these plaques began in the 
basement membranes of the thin limbs 
of the loop of Henle, and that they 
were formed not of calcium oxalate but 
of apatite. Remarkably, the deposits 
appeared to begin in the interstitium 
of the kidney under the epithelial layer, 
suggesting that the calcium salts were 
fi rst absorbed and then precipitated 
in the papillary space. In patients with 
intestinal hyperabsorption, the deposits 
began in the lumen of the tubules. Th e 
worse damage. It is well known that, 
during hyponatremia, hypoxia occurs 
and may play an important role in 
causing the damage. But the brain 
could become hypoxic under diff erent 
clinically relevant conditions; hypoxic 
damage can occur secondary to 
ischemia — simple hypoxia produced 
by decreased oxygen tension in the 
air would likely produce a diff erent 
syndrome, as hypoxic hypoxia causes 
increased cerebral blood fl ow. In this 
issue, Arieff  et al. attempt to explain the 
contributions of each of these causes to 
hypoxic brain damage. Th ey induced 
hypoxic hypoxia or hyponatremia 
in rats and compared the resultant 
brain damage with that of control rats 
and animals in which both of these 
conditions coexisted. Th ey found that 
hypoxic hypoxia and hyponatremia 
caused brain edema. It has been 
known from previous studies by this 
group that hyponatremia, although 
it initially causes brain swelling, also 
activates the adaptation mechanism 
by which the brain shrinks back to 
nearly its original volume by pumping 
out more sodium. Remarkably, 
the imposition of hypoxia on 
hyponatremia resulted in prevention 
of this adaptation. In addition, the 
presence of both disturbances severely 
lowered cerebral perfusion. Many of 
the rats with normal serum sodium 
concentrations and hypoxia developed 
brain histological abnormalities. 
Th ese rats had signifi cant white and 
gray matter lesions similar to what is 
seen in patients with hypoxic brain 
damage. Remarkably, these lesions 
were similar to those of hyponatremic 
animals (and patients) whose serum 
sodium is overcorrected. Animals 
subjected to both hyponatremia and 
hypoxia all died. Th e detection of 
low arterial oxygen tension in rats 
with hyponatremia suggests that 
measuring brain damage in patients 
with hyponatremia is necessary, and 
that evidence of damage should be 
considered a bad prognostic sign. See 
page 1319.
